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1
PIEZOELECTRIC SPEAKER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to piezoelectric speakers
using piezoelectric elements.

2. Description of the Related Art

Conventionally, there are piezoelectric speakers in each of
which an electrode of a piezoelectric ceramics plate is divided
s0 as to planarize peaks and dips of sound pressure frequency
characteristics caused by resonance (for example, see Japa-
nese Unexamined Patent Application Publication No.
5-122793). FIG. 12 is a diagram showing a conventional
piezoelectric speaker disclosed in JP 5-122793.

In FIG. 12, the conventional piezoelectric speaker is
equipped with a piezoelectric sounding body 1 and a frame 2
for supporting an outer peripheral portion of the piezoelectric
sounding body 1. The piezoelectric sounding body 1 includes
a round piezoelectric ceramics plate 3 and a metal plate 4
joined to the piezoelectric ceramics plate 3. Moreover, elec-
trodes formed on both faces of the piezoelectric ceramics
plate 3 are divided at a location determined by a high-order
resonance mode. Then, a voltage lower than a voltage applied
to an inside electrode 5a is applied to an outside electrode 54
located outside the position where the electrodes are divided.
A technique disclosed in JP 5-122793 controls a resonance
mode generated in the piezoelectric sounding body 1 by
variation in the applied voltage in this way. With this, the
technique disclosed in JP 5-122793 improves the peaks and
dips of the sound pressure frequency characteristics.

SUMMARY OF THE INVENTION
1. Technical Problem

However, with the above mentioned conventional struc-
ture, peaks and dips are relatively reduced but stress cannot be
reduced because the piezoelectric ceramics plate itself is not
divided. With this, stress having a value equal to or more than
a certain value is generated, which breaks the piezoelectric
ceramics plate. Therefore, the conventional structure has a
problem that it is difficult to reproduce with large amplitude,
in other words, high sound pressure. Moreover, because, in
the conventional structure, signals having different voltages
or different phases need to be inputted into an outside elec-
trode and an inside electrode, a damping device needs to be
additionally provided on a lead wire to the outside electrode.
With this, the conventional structure has a problem of
increased costs.

The present invention has been devised in view of the
above-mentioned problems and has an object to provide a
piezoelectric speaker capable of improving sound character-
istics and reducing costs.

2. Solution to the Problem

In order to solve the conventional problem, a piezoelectric
speaker according to an aspect of the present invention
includes a diaphragm including a substrate and a plurality of
piezoelectric elements placed on the substrate, a frame sup-
porting the substrate at an outer peripheral portion of the
substrate, wherein the piezoelectric elements include a first
piezoelectric element and a second piezoelectric element
having a smaller number of layers than the number of layers
of the first piezoelectric element.
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With this structure, the piezoelectric speaker according to
an aspect of the present invention can improve reliability
because use of plural piezoelectric elements enables a
decrease in stress at a time of large amplitude. Moreover, the
piezoelectric speaker can reproduce sound with high sound
pressure by using a piezoelectric element having a layered
structure. Furthermore, the piezoelectric speaker can reduce
costs while reducing deterioration in sound characteristics by
appropriately placing piezoelectric elements each having a
different number of layers. Moreover, the piezoelectric
speaker according to an aspect of the present invention can
realize an improvement of sound characteristics, such as a
decrease in peaks and dips or an improvement of reliability,
by appropriately placing piezoelectric elements each having a
different number of layers.

Moreover, the second piezoelectric element is placed far-
ther from the center of the substrate than the first piezoelectric
element.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can reduce costs while
reducing deterioration in sound characteristics by using
piezoelectric elements each having a single layer or a rela-
tively small number of layers on a portion having a low
contribution ratio to vibration.

Moreover, the second piezoelectric element is placed on
the substrate, in a portion having a larger stress than a stress at
a portion on which the first piezoelectric element is placed,
the stress being caused by bending vibration of the substrate.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can enhance a maximum
input level of the piezoelectric speaker because the piezoelec-
tric speaker can decrease amplitude in a stress-concentrated
portion. Therefore, the reliability of the piezoelectric speaker
can be enhanced.

Moreover, each of the piezoelectric elements includes a
first electrode and a second electrode through each of which
anelectrical signal is applied to the piezoelectric element, and
each of the piezoelectric elements has a face on which both
the first electrode and the second electrode are exposed.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can make it easier to take
out a wire lead.

Moreover, the substrate includes a third electrode and a
fourth electrode which are formed by printing on a face on
which the piezoelectric elements are placed, the piezoelectric
elements are placed such that the face on which both the first
electrode and the second electrode are exposed is in contact
with the face of the substrate on which the third electrode and
the fourth electrode are formed, the third electrode is con-
nected to the first electrode included in each of the piezoelec-
tric elements, and the fourth electrode is connected to the
second electrode included in each of the piezoelectric ele-
ments.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can realize a leadless struc-
ture.

Moreover, the substrate is made of polyethylene terephtha-
late.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can reduce the mass of
vibration of the system relative to a conventional metal dia-
phragm, thus making it possible for sound pressure to be
enhanced.

Moreover, the substrate can be made of paper.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can increase internal loss of
the diaphragm and therefore can reduce a quality factor Q of
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resonance. With this, the piezoelectric speaker can improve
flatness of sound pressure characteristics.

Moreover, the substrate can be made of foam.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can increase internal loss of
the diaphragm and therefore reduce a quality factor Q of
resonance. This enables the piezoelectric speaker to enhance
flatness of sound pressure characteristics.

Moreover, an edge portion is provided between the outer
peripheral portion of the substrate and the frame and func-
tions as a suspension.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can provide an edge regard-
less of a thickness of the diaphragm, making it easier to
design the lowest resonance frequency.

Moreover, the edge portion has a rolled shape.

With this structure, the piezoelectric speaker according to
an aspect of the present invention can reduce distortion at a
time of reproduction because linearity of a support system is
improved.

It is noted that the present invention can be realized not
only as a piezoelectric speaker but also as audio output equip-
ment, such as a television receiver or a mobile phone device,
including this piezoelectric speaker.

3. Advantageous Effects of the Invention

The present invention can provide a piezoelectric speaker
capable of realizing an improvement of sound characteristics
or a decrease in costs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is aplanview ofa piezoelectric speaker according to
Embodiment 1 of the present invention.

FIG. 2 is a cross-sectional view of the piezoelectric speaker
according to Embodiment 1 of the present invention.

FIG. 3A is a cross-sectional view of a single-layer piezo-
electric element according to Embodiment 1 of the present
invention.

FIG. 3B is a cross-sectional view of a multilayer piezoelec-
tric element according to Embodiment 1 of the present inven-
tion.

FIG. 3C is a cross-sectional view of the single-layer piezo-
electric element according to Embodiment 1 of the present
invention.

FIG. 4A is a graph showing sound pressure frequency
characteristics of the piezoelectric speaker having a mono-
morph structure according to Embodiment 1 of the present
invention.

FIG. 4B is a graph showing sound pressure frequency
characteristics of the piezoelectric speaker having a bimorph
structure according to Embodiment 1 of the present invention.

FIG. 5 is a cross-sectional view of the piezoelectric speaker
in the case where a rolled edge is used according to Embodi-
ment 1 of the present invention.

FIG. 6 is a diagram showing a distribution of stress in a
piezoelectric element according to Embodiment 2 of the
present invention.

FIG. 7A is a diagram showing configurations and locations
of piezoelectric elements according to Embodiment 2 of the
present invention.

FIG. 7B is a diagram showing an example of variations in
configurations and locations of the piezoelectric elements
according to Embodiment 2 of the present invention.

FIG. 8 is a perspective view of a piezoelectric element
according to Embodiment 3 of the present invention.
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FIG. 9 is a top view of a substrate according to Embodi-
ment 3 of the present invention.

FIG. 10 is a diagram showing a television receiver accord-
ing to the embodiments of the present invention.

FIG. 11 is a diagram showing a mobile phone device
according to the embodiments of the present invention.

FIG. 12 is a cross-sectional view of a conventional piezo-
electric speaker.

DETAILED DESCRIPTION OF THE INVENTION

Hereafter, embodiments of the present invention will be
described with reference to drawings.

Embodiment 1

A piezoelectric speaker according to Embodiment 1 of the
present invention includes plural piezoelectric elements
which are placed on a substrate. Furthermore, multilayer
piezoelectric elements are placed in a central portion of the
substrate and single-layer piezoelectric elements are placed
on an outer peripheral portion of the substrate.

With this, the piezoelectric speaker can reduce costs while
reducing deterioration in sound characteristics by using
single-layer piezoelectric elements on a portion having a low
contribution ratio to vibration.

FIG. 11is aplan view of a piezoelectric speaker 100 accord-
ing to Embodiment 1 of the present invention.

FIG. 2 is a cross-sectional view of the piezoelectric speaker
100 in a face taken along line A0-Al of FIG. 1.

As shown in FIG. 1 and FIG. 2, the piezoelectric speaker
100 includes a diaphragm 10, a passivation film 14, and a
frame 15. The diaphragm 10 includes a piezoelectric element
11 and a substrate 13.

The piezoelectric element 11 is placed on the substrate 13
and is adhered to the substrate 13. This piezoelectric element
11 is composed of four piezoelectric elements 11a, 115, 11c,
and 11d. The piezoelectric elements 11c¢ and 11d are placed
farther from the center of the substrate 13 than the piezoelec-
tric elements 11a and 115.

Moreover, the piezoelectric elements 11a and 115 are two-
layered piezoelectric elements. The piezoelectric elements
11c and 114 are single-layer piezoelectric elements. More-
over, a thickness of each of the piezoelectric elements is equal
in the present embodiment. Moreover, a thickness may be
different between a two-layer piezoelectric element and a
single-layer piezoelectric element.

FIG. 3A is a cross-sectional view of the single-layer piezo-
electric elements 11¢ and 11d. FIG. 3B is a cross-sectional
view of the multilayer piezoelectric elements 11a and 114.

As shown in FIG. 3A, each of the single-layer piezoelectric
elements 11¢ and 11d includes a piezoelectric ceramics layer
21 and electrodes 22 and 23. The electrodes 22 and 23 are
placed on and under the piezoelectric ceramics layer 21 such
that the electrodes 22 and 23 hold the piezoelectric ceramics
layer 21 therebetween.

The multilayer piezoelectric elements 11a and 115 are
elements in each of which a piezoelectric ceramics layer and
an electrode are alternately layered. As shown in FIG. 3B, the
multilayer piezoelectric elements 11a and 115 each includes
a piezoelectric ceramics layer 26 and electrodes 27 and 28.
The electrode 28 is an electrode layer which functions as an
inside electrode. The piezoelectric ceramics layer 26 is com-
posed of two layers, and the electrode 28 is sandwiched
between the two layers. The electrode 27 is configured to
vertically hold the whole of the piezoelectric ceramics layer
26 composed of two layers.
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It is noted that a structure as shown in FIG. 3C may be used
as a structure of each of the single-layer piezoelectric ele-
ments 11c and 114.

The frame 15 supports both edges of the diaphragm 10.
Moreover, in FIG. 1, a gap is provided between the frame 15
and both edges in a longitudinal direction of the diaphragm
10. It is noted that the frame 15 may support four sides of the
diaphragm 10.

The passivation film 14 is formed to cover the gap. It is
noted that the passivation film 14 is provided to block sound
radiated from a reverse side of the diaphragm 10. This passi-
vation film 14 is, for example, a film of styrene butadiene
rubber (SBR). It is noted that the passivation film 14 may be
provided only on an upper portion of a gap so as to fill the gap
between the diaphragm 10 and the frame 15 and may be
provided to cover the upper portion of the gap and the whole
of the diaphragm 10.

It is noted that a method of driving the diaphragm 10 by
applying a driving voltage to a surface electrode (not illus-
trated) of the piezoelectric element 11 is similar to the con-
ventional piezoelectric speaker.

Here, when the driving voltage is applied to the piezoelec-
tric element 11, a dome-shaped vibration mode occurs such
that amplitude in the central portion of the diaphragm 10 is
largest. Based on this vibration mode, a multilayer piezoelec-
tric element having a large amount of distortion is used for the
piezoelectric elements 11a and 115 having a high contribu-
tion ratio to amplitude, while a single-layer piezoelectric
element having a small amount of distortion is used for the
piezoelectric elements 11¢ and 114 having a low contribution
ratio.

FIG. 4A shows sound pressure frequency characteristics of
the piezoelectric speaker 100 composed as mentioned above.
In FIG. 4A, a horizontal axis represents frequency and a
vertical axis represents sound pressure. Sound pressure fre-
quency characteristics 31, as shown in a solid line, represent
characteristics of the piezoelectric speaker 100 according to
Embodiment 1 of the present invention, and sound pressure
frequency characteristics 32, as shown in a dotted line, rep-
resent characteristics in a case where a multilayer piezoelec-
tric element is used for all piezoelectric elements. As shown in
FIG. 4A, sound pressure of the piezoelectric speaker 100
according to Embodiment 1 of the present invention is almost
equal to sound pressure in the case where the multilayer
piezoelectric element is used for all piezoelectric elements.
Furthermore, a dip occurring around 500 Hz is eliminated by
introducing a structure of a combination of a multilayer
piezoelectric element with a single-layer piezoelectric ele-
ment. In other words, the combination of the single-layer
piezoelectric element with the multilayer piezoelectric ele-
ment enables control of a resonance mode.

In this way, the combination of the single-layer piezoelec-
tric element with the multilayer piezoelectric element enables
characteristics to be similar to characteristics in a case of only
the multilayer piezoelectric element, making it possible to
further control the resonance mode. Moreover, element costs
and power consumption can be reduced by addition of single-
layer piezoelectric elements.

Moreover, the conventional piezoelectric speaker is com-
posed of a sheet of the piezoelectric element 3, while in the
piezoelectric speaker 100 according to Embodiment 1 of the
present invention, the piezoelectric element 11 is divided into
four sheets, thus allowing stress at a time of distortion to be
reduced. For example, in the case where a piezoelectric ele-
ment is divided into four sheets, the stress at a time of ampli-
tude is decreased by around 20% compared with the case
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where a sheet of piezoelectric element is used. Therefore, the
piezoelectric speaker 100 can also gain an effect ofincreasing
the reliability.

It is noted that in the above-mentioned description, a
monomorph structure in which the piezoelectric element 11 is
placed on only an upper side of the substrate 13 is described
as an example, but there may be a bimorph structure in which
the piezoelectric element is placed also on a reverse side. FI1G.
4B is a graph showing sound pressure frequency characteris-
tics in the case where the bimorph structure is used. Sound
pressure frequency characteristics 33, as shown in a solid line,
represent characteristics of the piezoelectric speaker accord-
ing to Embodiment 1 of the present invention, and sound
pressure frequency characteristics 34, as shown in a dotted
line, represent characteristics in the case where a multilayer
piezoelectric element is used for all piezoelectric elements.
As shown in FIG. 4B, it is possible to gain an effect in a
bimorph structure similar to the monomorph structure.

Moreover, in the above-mentioned description, the sub-
strate 13 is a flat configuration, but there may be a configu-
ration as shown in FIG. 5. FIG. 5 is a cross-sectional view of
a piezoelectric speaker 101 according to a variation of
Embodiment 1 of the present invention. This piezoelectric
speaker 101, different from the piezoelectric speaker 100
shown in FIG. 2, includes a substrate 43 and piezoelectric
elements 41 and 42 instead of the diaphragm 10. It is noted
that in FIG. 5, a bimorph structure is exemplified.

The piezoelectric element 41 is placed on a surface of the
substrate 43. This piezoelectric element 41 includes multi-
layer piezoelectric elements 41a and 415 and single-layer
piezoelectric elements 41¢ and 414.

The piezoelectric element 42 is placed on a reverse face of
the substrate 43. This piezoelectric element 42 includes mul-
tilayer piezoelectric elements 42a and 4256 and single-layer
piezoelectric elements 42¢ and 424.

The substrate 43 includes a region on which the piezoelec-
tric element 41 and the piezoelectric element 42 are placed
and an edge portion 49 which is an outer peripheral portion of
the substrate 43 and functions as a suspension. This edge
portion 49 has a rolled shape as shown in FIG. 5. Hence, use
of the edge portion 49 having a rolled shape enables an
increase in linearity of an amount of amplitude relative to an
input voltage. With this, distortion can be realized.

Itis noted that in FIG. 5, the edge portion 49 is a portion of
the substrate 43, but may be composed of a separate compo-
nent independent from the substrate 43. In this case, the edge
portion 49 is provided between the outer peripheral portion of
the substrate 43 and the frame 15 and functions as a suspen-
sion for supporting the outer peripheral portion of the sub-
strate 43 and the frame 15. Moreover, this edge portion 49
may be connected all around between the substrate 43 and the
frame 15. Moreover, in this case, the passivation film 14 may
not be used. As a result, it becomes easier to design the lowest
resonance frequency f0. Moreover, a bimorph structure is
exemplified in FIG. 5 but a monomorph structure may be
used.

Moreover, in the above-mentioned description, a two-layer
piezoelectric element and a single-layer piezoelectric ele-
ment are combined, but a different number of layers, such as
two layers and four layers, is acceptable according to neces-
sary characteristics. It is noted as described above, deteriora-
tion in sound characteristics can be reduced and costs can be
reduced by placing piezoelectric elements having a large
number of layers on the central portion of the substrate 13 and
placing piezoelectric elements having a small number of lay-
ers on the outer peripheral portion of the substrate 13.
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Moreover, a plurality of piezoelectric elements which have
three or more different number of layers, such as a single
layer, two layers, and four layers, may be combined. In this
case, the number of layers may be increased when the piezo-
electric elements are closer to the central portion of the sub-
strate 13.

Moreover, in the above description, four sheets of piezo-
electric elements are used, but the number of elements may be
increased so as to finely control a resonance mode. In other
words, the present invention can be applied to a case where
two or more sheets of piezoelectric elements are used.

Moreover, in the above description, a structure shown in
FIG. 3B is exemplified as a multilayer piezoelectric element,
but a stack of single-layer piezoelectric elements may be used
as a multilayer piezoelectric element.

Embodiment 2

A piezoelectric speaker according Embodiment 2 of the
present invention includes piezoelectric elements placed on a
substrate. Furthermore, single-layer piezoelectric elements
are placed on a portion having large stress caused by bending
vibration of the substrate and multilayer piezoelectric ele-
ments are placed on a portion having small stress caused by
bending vibration of the substrate.

With this structure, the piezoelectric speaker can reduce
amplitude of stress concentrated in a portion and can enhance
reliability of the piezoelectric speaker.

FIG. 6 is a diagram showing a distribution of stress gener-
ated in the case where only a sheet of a piezoelectric element
is used. InFIG. 6, stress in a portion 51 is higher than stress in
other portions.

In Embodiment 2 of the present invention, piezoelectric
elements having a smaller number of layers than piezoelectric
elements in the other portions are placed on the portion 51
having high stress. This enables stress generated in the por-
tion 51 to be reduced, thus leading to an improvement of
reliability. FIG. 7A is a diagram showing locations of piezo-
electric elements according to Embodiment 2 of the present
invention. The piezoelectric elements 52 and 53 shown in
FIG. 7A have a smaller number of layers than the piezoelec-
tric element 54. For example, the piezoelectric elements 52
and 53 are single-layer piezoelectric elements and the piezo-
electric element 54 is a multilayer piezoelectric element.

It is noted that in FIG. 7A, the piezoelectric element 54 is
composed of one sheet, but the piezoelectric element 54 may
be composed of, for example, three sheets of piezoelectric
elements for easy implementation. FIG. 7B is a diagram
showing the locations of piezoelectric elements in this case.
The piezoelectric elements 52 and 53 shown in FIG. 7B have
a smaller number of layers than the piezoelectric elements
54a,54b, and 54¢. For example, the piezoelectric elements 52
and 53 are single-layer piezoelectric elements and the piezo-
electric elements 54a, 545, and 54c¢ are multilayer piezoelec-
tric elements.

Embodiment 3

In Embodiment 3 of the present invention, a method of
electrically connecting the piezoelectric element 11 to the
substrate will be described. Moreover, hereafter, a case where
the piezoelectric element 11 is used as described in Embodi-
ment 1 will be described as an example, but a similar structure
can be applied to the piezoelectric elements described in
Embodiment 2.

FIG. 8 is a perspective view of the piezoelectric element
11a. FIG. 9 is a top view of the substrate 13.
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It is noted that the whole structure of the piezoelectric
speaker is similar to Embodiment 1 as shown, for example, in
FIG. 1 and FIG. 2.

A difference from Embodiment 1 is an electrode structure
of'the piezoelectric element 11 and that electrodes are formed
by printing on the substrate 13. Moreover, a material of the
substrate 13, for example, is polyethylene terephthalate
(PET). Moreover, hereafter will be described an electrode
structure of a piezoelectric element with reference to the
piezoelectric element 11a, but structures of piezoelectric ele-
ments 115 to 114 are also similar to a structure of the piezo-
electric element 11a.

As shown in FIG. 8, in the piezoelectric element 11a, a
positive electrode 62 and a negative electrode 63 are formed
on both sides of the piezoelectric element 114 so as to apply
an electric signal to the piezoelectric element 11a. Here, a pair
of the electrodes 62 and 63 is equivalent to a pair of the
electrodes 27 and 28 as shown in FIG. 3B or a pair of the
electrodes 22 and 23 shown in FIG. 3C. Moreover, at least a
portion of a surface of the electrodes 62 and 63 is exposed to
the substrate 13 side face of the piezoelectric element 11a. In
other words, the piezoelectric element 11a has the face in
which both the electrodes 62 and 63 are exposed. In an
example shown in FIG. 8, there are four faces of the piezo-
electric element 11a in which faces of both the electrodes 62
and 63 are exposed.

As a result, wiring of lead wire and the like becomes easier
because an electrode can be connected from the same face on
the piezoelectric element 11a.

Moreover, as shown in FIG. 9, the substrate 13 has two
electrodes 72 and 73 formed on a surface of the substrate 13.
These electrodes 72 and 73 are formed by printing on a face
on which the piezoelectric element 11 is placed.

Moreover, the piezoelectric elements 11a to 11d are placed
such that the face on which both the electrodes 62 and 63 are
exposed is in contact with the face on which the electrodes 72
and 73 of the substrate 13 are formed. Moreover, each of the
electrodes 62 and 63 of the piezoelectric element 11a shown
in FIG. 8is placed on the electrodes 72 and 73 on the substrate
13 and is connected to the electrodes 72 and 73. This allows
conduction of the electrodes 62 and 63 to the electrodes 72
and 73. In other words, the electrode 72 is electrically con-
nected to plural electrodes 62 which are included in the piezo-
electric elements 11a to 11d. The electrode 73 is electrically
connected to the plural electrodes 63 which are included in
the piezoelectric elements 11a to 114.

In other words, a combination of the piezoelectric elements
11a to 11d with the substrate 13 makes it possible to realize a
leadless structure. As a result, also in the case of placing
piezoelectric elements, assembly becomes easier by forma-
tion by printing, on a diaphragm, of an electrode correspond-
ing to the pattern.

Moreover, while the conventional piezoelectric speaker
uses metal as a substrate, PET resin is used for the substrate 13
in Embodiment 3 of the present invention. This makes the
substrate 13 lighter, making it possible to obtain an effect of
efficiency improvement. Moreover, resin has greater internal
loss than metal. As a result, a quality factor (Q) of resonance
of sound pressure characteristics can be reduced and there-
fore sound quality can be improved.

Itis noted in the above-mentioned description, PET resin is
used as a material of the substrate 13, but other materials can
be used as long as they are materials on which an electrode
can be printed. For example, paper or foam can be used as a
material of the substrate 13. Use of paper or foam can realize
lighter weight or higher internal loss, thus making it possible
to realize higher efficiency and higher sound quality. More-
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over, a strength of adhesion of electrodes can be increased,
and therefore reliability also becomes higher.

Moreover, in the above-mentioned description, the two
electrodes 62 and 63 of the piezoelectric element 11a are
formed on both sides of the element, but a structure other than
the structure described above is acceptable as long as it is a
structure in which both electrodes are exposed together on at
least one face.

The piezoelectric speaker according to the embodiments of
the present invention has been described above, but the
present invention is not limited to the embodiments described
above.

For example, the present invention can be realized as audio
equipment including the above-mentioned piezoelectric
speaker. For example, the present invention can be realized as
a television receiver 200, as shown in FIG. 10, including the
above mentioned piezoelectric speaker and as a mobile phone
device 201, as shown in FIG. 11, including the above men-
tioned piezoelectric speaker. Moreover, a piezoelectric
speaker according to the present invention can be used in a
speaker for a home theater or a speaker for an automobile.

Moreover, in each of the above described drawings, corner
portions and sides of each component are linearly described,
but the present invention also includes components including
corner portions and sides that are round due to manufacturing
considerations.

Moreover, at least a portion of configurations of piezoelec-
tric speakers according to Embodiments 1 to 3 and variations
thereof may be combined.

Moreover, all values used in the above descriptions are
exemplified to describe the present invention in detail and the
present invention is not limited to the exemplified values.
Moreover, materials of each of the components exemplified
above are exemplified to describe the present invention in
detail and the present invention is not limited to the exempli-
fied materials.

As long as there is no departure from the spirit and scope of
the present invention, variations of the embodiments con-
ceived by those skilled in the art also fall within the scope of
the present invention.

The present invention can be applied to a piezoelectric
speaker. Moreover, the present invention can also be applied
to a flat panel television receiver, a mobile phone device, a
speaker for a home theater, and a speaker for an automobile,
all of which use a piezoelectric speaker.
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14 Passivation film
15 Frame
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31, 32, 33, 34 Sound pressure frequency characteristics
49 Edge portion
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100, 101 Piezoelectric speaker
200 Television receiver
201 Mobile phone device
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The invention claimed is:

1. A piezoelectric speaker comprising:

a diaphragm including a substrate and a plurality of piezo-
electric elements arranged on said substrate; and

a frame supporting said substrate at an outer peripheral
portion of said substrate,

wherein each of said plurality of piezoelectric elements
includes at least one piezoelectric body and at least one
electrode, the at least one piezoelectric body and the at
least one electrode being stacked,

wherein said plurality of piezoelectric elements includes a
first piezoelectric element having a first number of lay-
ers, and second and third piezoelectric elements, each
having a second number of layers, the first number of
layers being larger than the second number of layers,

wherein said first piezoelectric element has a first contri-
bution ratio to amplitude, and said second and third
piezoelectric elements each have a second contribution
ratio to amplitude, the first contribution ratio to ampli-
tude being larger than the second contribution ratio to
amplitude such that a distortion of said first piezoelectric
element is larger than a distortion of each of said second
and third piezoelectric elements,

wherein said first piezoelectric element is arranged on said
substrate in a portion having a first stress, said second
piezoelectric element is arranged on said substrate in a
portion having a second stress, and said third piezoelec-
tric element is arranged on said substrate in a portion
having a third stress equal to the second stress, the first
stress being smaller than the each of the second and third
stresses,

wherein the first, second, and third stresses are caused by a
bending vibration of said substrate, and

wherein said second piezoelectric element and said third
piezoelectric element are symmetrically arranged with
respect to a center of said substrate.

2. The piezoelectric speaker according to claim 1,

wherein said second piezoelectric element and said third
piezoelectric element are arranged farther from the cen-
ter of said substrate than said first piezoelectric element.

3. The piezoelectric speaker according to claim 1,

wherein each at least one electrode includes a first elec-
trode and a second electrode through each of which an
electrical signal is applied to said respective piezoelec-
tric element, and

wherein each of said plurality of piezoelectric elements has
a face on which both said first electrode and said second
electrode of said respective piezoelectric element are
exposed.

4. The piezoelectric speaker according to claim 3,

wherein said substrate includes a third electrode and a
fourth electrode which are formed by printing on a face
on which said plurality of piezoelectric elements is
arranged,

wherein said plurality of piezoelectric elements is arranged
such that the face on which both said first electrode and
said second electrode are exposed is in contact with the
face of said substrate on which said third electrode and
said fourth electrode are formed,

wherein said third electrode is connected to said first elec-
trode included in each of said plurality of piezoelectric
elements, and

wherein said fourth electrode is connected to said second
electrode included in each of said plurality of piezoelec-
tric elements.

5. The piezoelectric speaker according to claim 1,

wherein said substrate is made of polyethylene terephtha-
late.

6. The piezoelectric speaker according to claim 1,

wherein said substrate is made of paper.
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7. The piezoelectric speaker according to claim 1,
wherein said substrate is made of foam.
8. The piezoelectric speaker according to claim 1, further
comprising
an edge portion which is provided between the outer
peripheral portion of said substrate and said frame and
which functions as a suspension.
9. The piezoelectric speaker according to claim 8,
wherein said edge portion has a rolled shape.
10. A television receiver comprising a piezoelectric
speaker according to claim 1.
11. A mobile phone device comprising a piezoelectric
speaker according to claim 1.
12. The piezoelectric speaker according to claim 1,
wherein said first piezoelectric element is arranged
between said second piezoelectric element and said third
piezoelectric element, and said first piezoelectric ele-
ment is arranged over the center of said substrate.
13. The piezoelectric speaker according to claim 12,
wherein said first piezoelectric element includes two
piezoelectric elements, and said two piezoelectric ele-
ments of said first piezoelectric element are symmetri-
cally arranged with respect to the center of said sub-
strate.

10
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14. The piezoelectric speaker according to claim 1,

wherein each of said second piezoelectric element and said
third piezoelectric element includes a three-layer struc-
ture comprising two electrode layers and one piezoelec-
tric body layer, and

wherein said first piezoelectric element includes a five-
layer structure comprising three electrode layers and
two piezoelectric body layers.

15. The piezoelectric speaker according to claim 1,

wherein each of said plurality of piezoelectric elements
comprises a surface having a rectangular shape, each of
the surfaces being arranged on said substrate, and

wherein said first piezoelectric element and said second
piezoelectric element are arranged such that a longitu-
dinal side of the rectangular surface of said first piezo-
electric element is in contact with a longitudinal side of
the rectangular surface of said second piezoelectric ele-
ment.

16. The piezoelectric speaker according to claim 1,

wherein, when a driving voltage is applied to said plurality
of piezoelectric elements, a vibration mode occurs such
that an amplitude in a central portion of said diaphragm
is largest.

17. The piezoelectric speaker according to claim 16,

wherein said vibration mode is dome-shaped.

#* #* #* #* #*



